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1020020060252 



#3 ^^f: 2003/5/3 



[AHWg] ^dlS^AH 

[sei^si mm 
i^tixu mm^s 

[XII ft SIX}] 2002.10.02 

[^gsj s§] bi^^oj mmw a a anion ch6h ehs^ej §^oi 

J^Er Q^Lil^i 01I2BI §X| 

[sS^I S^SSl Magnetic memory device implementing read operation 

tolerant of bit line clamp vol tage(VREF) 

1-1998-104271-3 

[&§) o'S^ 

[ CH £| oi 3 H ] 9-1 998-000386-5 

[SS^SW^eis] 1 999-007368-2 

[ CH £| oi 3 c j 9-1 999-000370-4 

[Slr^l Se^Sls] 1999-056971-6 

[^S°J S^S^I] 0H.HYUNG R0K 

[^9Je^am] 690310-1641411 

463-480 

3^l£ ^^A| M&^P §#DIS ffSKOTE 304= 

1002S 

[^3] KR 

[£S°I S^S^I] KIM.SU YE0N 

I^ei^^gjS] 731009-2651119 
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SUM 2003/5/3 



441-112 

=£S!A| 3<y^ AHW2S 1157 21i^Sj 305S 

KR 

CH0.W00 YE0NG 

681006-1841019 

445-973 

s^is ed sis ahsai soiom^ 211s 

1103S 
KR 

OH 2|» MS^J Al- S S?SLIP. 

(21) CD £121 
51^^ (21) 

20 21 29,000 a 

0 21 0 5! 

0 2 0 S! 

10 If 429,000 SI 

458,000 9 

1. £2f/H-9AH/H(S=E)_1g 
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t-^^g efl»ioll tfl«fl <£^3°] ?*r%: &^o] 7}^ MRAM°] 7IM34. 

MRAM-c- ^AHjofl 4^ MRAM£- ^1-21 3 € <HelH 1^, 7l§ nfl 

4. ^2.2} ^ <H 31 °1 flE-tiKlM ^1^1 H 5} zl^ji *1 Betels JUL*}^ 

c^ols-ij. c^je s}ol#, ZL^JL 7] § HlS^^l^ H^ofl Ufl<g£l^ 4^^^ 

3 tHlS-e) -£i~a- <y^tb 3 = eKl 27)144 7^ ^jelsKH mjgsjuL. 7} 

§ ^.E-BKH 27fl^ D>ntil^ pflSEl ^1- ^J-Zj-dfl cflolE] "H"4 C-flojEj "L-71- *| 

^4. ^1 ^13 HlBBl-^l SjSfe ^^JI, ti]H&l-^14 7l§ tilBBf^ofl 

2q-7> ^^U, 4^113 ^lssl -i ^M^W 451- alsel-^14 7l 

§ «lHel- < y^ *^4. €^ 'gHfe «lBeK}4 OH&I efo] 7} 

§ wlH^<y4 ^1^1^ 71^ t-)HEi 5^0] xj^ ^vi- #7qf^H ^12-51 >i c^efl 

£ 3 

MRAM, ^lB^ #*g*§ *V7l 7^ 7l^ fls.^*!, 
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^{Magnetic memory device implementing read operation tolerant of bitline clamp 
voltage(VREF)} 
[51^2] ##tr A 4^] 

5L l£r ^efl^ MRAM°ll te€"§- M-Efq]^ £^ol4. 

£ 2^ S. 1^ MRAM^I HlH&l-^ W^S. ^(VREF) £sH ^ A A *HJ- & 

i 

£ 3^r £ ^"^^ afli ^Al^ofl tcf^ MRAM^- M-Eftfl^ H^li}. 

£ 4^ £ 3^ MRAM^l ^4^- -£^Rr M-Bfifl^ S^lcf. 

£ 5^r A2 -^Al^oil rcj-s MRAM-g; u+El-vflfe 

2. 6-8- 5. 5^1 MRAM^ ^*M- 

<7> c>H^l^ ^ ^^fli. ^l-E.^ (magnetic random access memory HI ^tr 

3-2-5., alHef^ #M #<?H1 7]§ ^ (I(H)+I(L))/2^ *I^-7> Jre 
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<8> D>zivilBJ $\xg <q*\)±: oflS-B] (magnetic random access memory: °]*} "MRAM" 0 ]&f $ 
tr^-)^ °flS-^ #*13.>H, ^Hr^ ^25} ^-i- if-tbcf. 

MRAM^r *Hd^*r tij^f^ol 2c)]S ^f- A>o]ofl u)-Efi4^ x\7}z\-Q 

(magnetoresi stive) ^^-t ol-S-tr^f. "r^Ml^ ^13.^ ^ x}7]x\*<t-& 7>^1r ^fl 

tij-cflofl 44 44 s)cH^ 7>^lr4. ^ H o v ^°l "^l 

(parallel)" ^bH^JI ^-^.JL "L"°l M-Ef^cf. ^ wj-^Vol tiVcflol^ 

"fl^KAnti -parallel)" ^-eji ^2)03. «h»o1 ^EfleJ-jz. 

<9> MRAM^ *}=l^ v\]5L£l *RV£ #Efl» 01 7] e^fl, ^ ^s.^ ^ 

fr» ^ « 7l§ ^^147V 44 917}^. ^ ^ 7]^ ^ *}7}z\-% #ofl 44 

*r?ti ^Cf. E}7J1 ^ 71^ ^4 tilJIL*>7) *>7l*1tNN <£s}-7} P>ZL 

ifl^ nflS.^ -3-^4. ^JI 7l§ iBS^r (I(H)+I(L))/2^ #^-7}- Jl^JZ^- ^ 

<io> i l£r MRAM°1] ^^(VLSI ^ji^l-i-, 2002)3] £ 7^- 44^ S^S, 

^ 7]§ ig-^j ^-(Mid-point Reference Generator)!- ^*fltr 32Kb MRAM ofl-E-e} 4 

4\E4- 7l^ ^MS^fe 47fl£] 7>7l7n!-l-ol 3) ^-^ 1 &4. 41 ^ 

£ 444^ 4^ 4^ o^s} 444*£4 $ 1^. ^43-°^ *(Rmax+Rmin) 

^0} £4. 7)$ 444*J ^ Hi HBr°J #^ 4°J-(Vref) 

o] efl^oj] 44 4^ ^4^ ^ ci], £ 2^1 ZLsflHl- ^tr4. -E 2» 
#S*MS, «lH4 < y #^ ^(VreOol 
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3*fl ^^-(Rmax) 2(± ^^-(Rmin) *}°)S= ^(Vref H 

SitJttf ^ nflo] ^tfl ^%>(Rmax) SJt4 ^dt *HKRmin) *H $A *h=h 

^r, wlBe}^l ^(Vref) 31^1 £(Rmax+Rmin) ^ Wa, «1H 

#^^§ ^i < y-(Vref)ol KRmax+Rmin) ^ ^^14- °H 4^ 7l 

§ 'M^fe ±(Rmax+Rmin) ^ $]*fl 7)^ ^^(Vref)^: S^«flo> s}^ cfl, 

°1tt €4* *«fl*1^ ° s v ^ XI 31 7]§ ^ ©^(clamping) 

MRAM°1 -S-^^cf. 

<12> je.^ o. «ie^61 ^^3g ^oj-(VREF) efl^t »M ^# ^ 

*M 7>^*V MRAM* *fl^*Hr cfl oicf . 
^ ^ ^] 

eflo] M.^ t 7l§ nfls.^ 4 o} el) o] m.^-, ^li ifl^i *H3 alHH^ 33., ZLe)ji 

^ <S=t i^-*>4. D)l2.e} ^ o]z]}o] -1:^ ^^.b}o]#4 cl^lB Bfoi-i-, zl^ji 
«115}°Jffi1 S^V^Hl ^Hr^ n>ZLLil^ Dfls.e] ^s-o} ti^^cf. 7 1 § o||S.5] >g <H 
efloi 7l$ ^l = B}-o]-i-4 c^^lB aKl#, zie)JL 7]§ 
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UlB5}-OiS] m}$o\] tifl<gs^ 4^7fla) nj-ZLMlBJ nflJE.^ ^S-g- Z^JI, o]^ ^^o] 

TJ^JI, nflS.E| ^ o^o] ^-53- ^ nj-zn-i]^ a|]££] ^ EH) a)-e}. ^d) ^ 

•i-Bi- n>zivilB3 ^s_$ ^ = # tilH^o]^ f-*fl 

tflo)E^ 5fo] aJ-o] ^3. ^= ^j^i^cxj ^ o]$]o] ^e«^ p].^ 

<w> wf^^lS., ujBBl-^ #^ s]^. if ^12 ^ all 3 ulBe}o] #e»3g ^ 

^ HlHef^l *J<3vg- tilJU^H 7l§ HjB £}-<?! ^ z^^r a] 

HHf^l ^ i^#^4. nflJEE) ^ O] efl ol 7 j- ^^Efololl 

^^Sl^ 27flS] Dj-zivilHJ ^^.^ ^Il-S. ^ cflojEl "H"^ CflojE^ »L"7> 7-] ^-^cf. fi- 
ll u\}5LZ\ 7l^ WlHH}^, ^ojE-l Ef*l ^ 7]§ T^H E^ Ej-O] Z}-Z}-0_5. o^^ 

#ff-» *3x7 *)U, A}2 3\ m ^ ^Jf* Ei i#*Vcf. 
<15> a o i- 7 i M| iH^}7l M. ^Al^ofl 4= MRAM^ 7]^ *fl.5LE] 

H <H3M ^^^ois-jjj. E)-o] 1 . ( zl^j! 7 1§ UlE^olo] j^^ofl yfl<g 
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<16> £ MRAlH 21^, ti]HBfo] #^^§ sl^lr-i: wlB^s). 

^S|t:isl-S. «]H5}o]2f 71^ OlBBl-Ojofl ^*M| B)^o] 

MRAM(300)^r <H3H 1^(310), 7]§ ^eflo] #^-(320), 3^*1 

*1H el-o] #^(330), 7l§ ^2=5}o] $ u]7]H e*<a ^d<^(340) , £ 7)$ 

alHB}^ ^^H.( 350 ) ( 7l§ ^ ^1^1- (361, 362 , 363), «lB5f<y #^^g 
(371, 372, 373) ZL£]JL T8 = (380)# v\]3L$ 6\$o) #eK310)£ 3 = 5}- 

^■tCWLO, WL1, ••• , WLn-1, WLn: #*fl3 SL3. "WL"°]^51 «lHe|-«y(BL0, BL1, 

■•• , BLn-1, BLn: #313-2-5. "BL"°]?\51 W), zl^jl c]*1H e}°l(DL0, DL1, - , 
DLn-1, DLn: #313^-5. "DL"°)^JL m*}3°)l ^1" ^ nflse) 

€°1 ^t^H 7l§ ufls.^ o^eflo] #^(320)^ 7l§ ^S.eJ-o]-i-(RWL01, RWL23, 

••• , RWL(n-l)n: #313 0.5. "RWL"°1 ej-ji ^f-)^ 7]^ HlHsKKRBL), ne)Ji ^^lS 2} 
<?1(DL)^ SI*HH "M^ xifliej ^ii-o] aflt^cf. afli 7]^ fl = eKI(RWL0lW <31 
3fe 27fl£l n]-zLt1)q nfls.el ^#(321,322)-^ 4^ 3-^ "H" ^Eflsf ^3 «L» ^VEfls. ^ 

<is> ^) = e}o] ^ 4^1B #^(330)^ *) = sK!*(WL) A d^^ c| 
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7]§ H]ee|.o] ^bm«.(350)^ H)E^o]-i-(BL) ^ S>i-M4 7}& tilBe}°l(RBL)# >5d 
t-floje] Bl-<y(SDL)4 7l§ cflojel eKKRDL)*]- <3^m4. ^11 *fl*l »13 *)1 
^(361, 362, 363) 4^ cfl ©1 ^ B}oi(SDL)4 7l§ cflol^ e}o](RSDL), =l$JL 7}^ 
alHB}o] (RBL) _o S ^ = ^^.4. afli ifl^l ^13 tilB^o] #ig3 g 2)^.1; (37i, 

372, 373)£r ^£1 ^eKKWLH ^HlrSM 3 3*1 ^(VSS^S 

H3*W*1^ ef<?14 7 }§ c-flojE^ e}o]-g- tilse}-^ ^(VREF, 

efl^H 4d^!€ ^VMl^ ^§°i ^o]^ &ofl ^ t\]o]z] e^olo.s. 

i(H) Hi^r i(L) 7l§ i^l o] B] ^-ol(RSDL)o.S (i (H)+i (L))/2 Jl^L 

71] ^It]-. ^ <SH(380)tt iHMel E)-«y(SDL)4 7l§ cflolEi 5^-o](RSDL)^S * = £ 

i 4-b £ 3^ MRAM(300)<HH n>nt)]iJ nflaej <fi ^o]e1# ^- ^ 

si-fe 5)s.-£o]4. oi* Dj]s.e^ <HelM #^(310) ifl *Kn^ 

1(311) "L"^ ^-f DflS-E) 1(311)5. i(L) #^-7} * 3.711 Hi , 

*fll tilHEKl $3.(371)*fM "K^Ml^ ^£2] K311H wlBB^ol(BL)^. 

5. i(L) 7l§ ^12.E] ^eflo] 1-^(320) ^ <d^£ v\)S.^ 1 

1-C321, 322)5 i(H) ^ff-Sj- i(L) *€-4. °1 «fl , 7l§ «lm^(RBL)4 <3^3 

^12 «1H.bK1 #M S15.(372)^ ^3 #^ ^15.(373) z*zHH ( i (H)+i (L))/2 ^ 
-?T«- ^-g-SM 71$ «]Sefoi(RBL)^.S. i(H)+i(L) ^i^-7> ifc}. ti]EE|-o](BL)4 ^ 
€ cflolE) e^o](SDL)^.5^ afll ^1^(361)^]^ ^]^>^ iT *HMH alE^o] 
(BL)^ i(L) ^fr-* •?? iT-i(L) ^dff-7}- 7l$ ulBefo](RBL)^ ^1^^ 7l§ fl] 

°1^ 2}°KRSDL)°.5^ *fl2 4 ^ (362H1 ^ *H^*Rr iT *dfMH 7l§ alBeKl 
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(RBL) *m-¥-2] (i(H)+i(L))/2 ^% *8 iT-((i(H)+i(L))/2) ^7} *€-4. 

<g = (380)£- EKl(SDL)^ 7l§ t-«o)4 4<?I(RSDL)4 #fMh ^ (i (H)-i (L))/2 

^^V* f^*H a}ZLtillJ nflS.^ H(311)4 CflolBll- ^tVtf. 

°le^ MRAM(300)£- alHfiKl -f-BW^g 3]5.t-(371, 372, 373) °1 H]Bef^l 

<y ^°g-(VREF) silt 4^ 7i%> stoi t-44^ ^ sa 

4. o|ofl 44 of^^ s.^ ^3}-ol 7]-^^^14. SEtt tilBB^^i ^^(VREF)ol £ 

44^4-51 «lB5]-<y(BL)^ 7]§ 4BBKKRBLW -g-^^Tll 3-§-4<H wlS4<?l ^en^g 
^ 4H7] -§-4 Al^o] ^o]-^^ ^-g- ol-g-44 ^ e 40] ^« ^(VREF) 2:^ 

£ 5^r ^4 *fl2 ^AHHl 4s. mram^- 44ifl^ °1# ^"2:^, 

MRAM(500)^r £. 34 MRAM(300)4" 44 ^44. 4#, 7^ nfls.^ ^ 4 eflo] ^.4- 
(520W £ 34 7l§ nfl^sl ^ 4^0] ^.^-(320)4 4^4^ ^>*l7> #4. 

tb #2:^^ ^^tl- ^fl» 44-^°5-, ^4 4^71 £ 34 -§^*v 

^ ^^91 ^-B: ^£4. 7l§ Dfl£4 4 oiefloi ^4(520)^ fls.^ 
(WL)4 44 B hKKDL), 7]§ 4 B 40] (RBL) 4 s^-s-ofl p>zlv|]^ nflsuj ^ 

#°1 «fl£€4. ^ 4*1B 4-^l(DL)34 <a^4^r 27fl4 «>m41^ *H 

5-3 €#(521, 522)ol 4§ alE^J (RBL) <>fl «S^i^4. *VM-4 ^flH.4 
(52lHfe »L» c-flolEi7> xH>£)n 444 4^. 4^4^ Dfls.e) iS(522H]^r "H" ^44 

7} 7i^4. 
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<22> £ 6^ £ 52] MRAM(500HH oj-ni-il^ ^ ofi o] # ^ 

^ 5)S.£olcf. oil- ^S}^, ^|££] o^o] #^-(310) ^ ^€ n>Ht)l^ nfls.^ 

^(311) 0HBl7> "H"<£ ^-f n>zLtil^ nflael i|(321)5. i(H) * = 7)1 t-fl, 

*U ylH^^l 5\£.(37lM*\ W-UMI^ nlls.^ i£(321)°l <g^^ wlHel-^l(BL)^. 

i(H) ^^-» 7l§ d))£2] o^o] ^(520) vfl AjBfl^ ufZLLileJ DflJEe] ^ 

1-C521, 522)5. i(L) i(H) ^7}- «cf. o] nfl , 7 1§ alH^CRBL)^ 

tt *fl2 w]e^.o] 35.(372)^ *)l3 3^(373) ^^HH (i(H)+i(L))/2 # 

ff-1- -§-^H 7l§ ti]He}oi(RBL)A5 i(H)+i(L) ^7} Jl€-4. alH^^KRBL)^ 

i(H)+i(L) ^7} v\zm}^ nfl2.s] iS!-(521, 522)^ i(L) *}ff- ^ i(H) ^7} £4. 
wlH^<y(BL)2|- c-flolEi e}oi(SDL)A5.^ ^1 *}fj- *fl^?-(36lHH *11^Rr iT 

al^^«y(BL)S] i(H) «fl iT-i(H) ^ff-7} J^cf. 7 1§ wlBej-^CRBL)^ 

^^tt 71^ c-flojEi 5Kl(RSDL).2.5^r ^)2 ^-*f(362)<>lH *fl^>^ i T ^-ff-ofl 

*1 7l§ wlH^<?l(RBL) (i(H)+i(L))/2 «!fl iT-((i(H)+i(L))/2) ^7} 

^li <^(380)^ c-11o)e-1 s]-<y(SDL):4 7}^ xJ\°}^ ^(RSDL)^) ^ 
(i(L)-i(H))/21- n>zLvil^ ^^.e] ^(321)2] 0] o] b\ # ^tb^-. 

<23> o)4H)^, -g- -g^H^* ^ 7l#^>5i^°> oflAj^o] ^Jofl 

^ 7 ]^^ a]-av ^ ^<>m-xi qHH 4°c^ ^s}- ^ ^^ol 7>^^ 
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<24> ^ MRAlH ^*}^, alBe}^ #^*§ 3B#* «lHeK14 7) 

§ HlE^oiofl o^^a]^ A}-g-tg-o_3.*l tilB^^l ^^(VREF) 2111 ^^<Hl 4^ 

M^S &&£\1$t%Sl «1H^4 7l§ WlB^^l^l -§^>7fl ^-§-5]^ 
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11 

^-E.^!^ c|*]H n&lJi alS2}°Jt^ m^^^l ufll^ ^H^flsj v\ 

Zivfl^ uflae) ^Ir-g; °l)SLel ^ <H3H 

7l§ tq^H bK1#, nelJi 7l§ alH^sl j5L*HH ufl<gsq 

<H3H -i-^ ^ A oM °>m-1l^ ^se) ^-i-s #7l 7}^ wlH^- 

71^ c-flolEi H^-o] ^vo) ^"71 ofls.^ ^ o^H 1:^ ^71 

[*J^*o> 2] 
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^•7] A]2 % m WlH^^l *}^r n>ZLUil^ ufl 

3] 

^■71 a|HE}°J ^-71 7]$ ulH^^^ tilH5+^l v}ZL*\ 

^ #7] tilH^ Sir ^7} HlHe-l-^]^ ^oj- av 7 ] wlHe}<y #^^§ 

[^t 1 * 4] 

*Hl1M) $I<H^, 7l^ ^ ^afloi 

^7l 7l^ ^JE.S}-<>H ^^S]^ 27fl^ ^ZLvil^ nflS.^ *£^S. ^ tf) °) E") "H"^ 
[^T 1 * 5] 

^7l 71 § WlHS]-^, ^-7] C-flojE^ ^ ^ 7} ^ tf] &\ 

*fll, A2 ^ ^13 *iff- ^«l*Rr ^ ^>ZLVll 

[^T 1 * 6] 

^^.Bfol-i-Ilf SKll", ZliMul Ul^^olS-^ IH*V*Mj UH^S]^ ^ 7 flS] P> 

HM]^ ^#-8- ^2.^ ^ o^o] ^-54-; 
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^7} ^HB^l-M- <#7] c^lm ^JI 71 § ^e^o]^ JH^V^ofl afl^s) 

7l n>nvH^ oflael >Sol yfl^S)^ 7]§ ofl5L&l ^ <H3]<>1 

^^s]ji, ^7) ^ o^o] ^ ^ p>m4|^ 

^7) 7)^ WlH^^ *>^<H1 AA ^J^U, ^>7l 71^ v\)3.^ 4. 

0]$}0) uH ^. 7 1 D>ZLVil^ DflaSl ^-i-S. ^"71 7l$ 

9l^r ^-n ^7} x\)2 ^ *ll3 tilHe}<?I s] 5.; ^ 

7] 

^7) ^2 ^ ^13 wlBe|^l #^ ^J-i- Sfrfe ^\n.^M ^1 

8] 

*fl7*<H Sa°H, ^"71 tfl^l ^3 alB^ AA^r 
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<#7] tllme^ol gifa. 7l§ Uje^o]^ H]E^o} ^.&sg ^<y.^ 

9] 

^116*oH1 $Z<H>H. #7] 7]^ t^lS.^ <H3M -i-e^ 

#7) ^^ej-olofl o^S]^ >S-7l 27fl 51 n>ZLVll^ nflS-S] ^ *\)°}*\ »H»S>}- 
CflolEi "L"7> ^ ±r 3# ^ *}zivilB3 clla.Sl 
10] 

^-71 7l§ WjE^-O], ^-7] C-flolE^ fil-o] ^ ^71 71^ C-fl o) ^ ^o] Z^o.^. ^ 

#ff-» *el^ ^1, *j|2 ^ *ll3 *iff- ^l^^fl- Cl ^Wl<5Rr ^JL5L Sj-fe *>^1 
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15- 2] 



Vref_1 

♦ : 

Rmax(V) 




•Rref(Vref)=(Rmax(Vref_2)+Rmin(Vref_1))/2 
Rmax(Vref_2) 



I j_ Rmax+Rmin 
Value 2 



Vref_2 Vref 
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